A b s t r a c t Purpose: Cigarette smoking has adverse effects on kidney transplant recipients, causing cardiovascular disease, kidney function impairment, and cancer. New onset diabetes mellitus after transplantation (NODAT) represents serious complication of transplantation of solid organs.
INTRODUCTION
The risk factors of cardiovascular diseases after kidney transplantation are eliminated by recovery of renal functions, however, new risks occur as for example disorder of glucose tolerance, diabetes mellitus, arterial hypertension, disorders of fat metabolism, and others. The newly diagnosed diabetes mellitus after transplantation (NODAT) represents serious and frequent complications of transplantation of solid organs (1) . The incidence is between the limits of 4 % and 25 % depending on the transplanted organ, duration of monitoring of the patient, and the used immunosuppressive protocol (2, 3) .
Disorder of glucose regulation in the patients after kidney transplantation results in 2-3 times higher cardiovascular morbidity and mortality when compared with non-diabetes patients, impairing the quality of life of the patients. The risk of development of cardiovascular diseases in the patients with NODAT is increased also by hyperlipoproteinemia, arterial hypertension or smoking. NODAT is connected with additional complications, as for example: rejection of the graft, recurrent infections, and worse long-term function of the graft (4, 5) .
Cigarette smoking has adverse effects on kidney transplant recipients, causing cardiovascular disease, kidney function impairment, and cancer. When smoking, the level of glycemia, insulin, and blood pressure is immediately increased. Chronic smoking damages endothelium of vessels, which results in insulin resistance, which further increases glycemia. Hyperglycemia in smokers is mostly permanent and is responsible for development of later diabetic complications. Heavy metals in the cigarette -mainly cadmium, also increase occurrence of diabetes mellitus (6) .
The evidence of negative influence of smoking on the outcome of kidney transplantation is large and consistent stemming from well-adjusted multivariate analyses of observational data at low risk of bias. However, there was no consensus in the guideline development group to consider active smoking as contraindication for wait listing for transplantation. The major argument was that it is very difficult, if not impossible, to check the smoking status, and even if patients stopped smoking before transplantation, there is always the risk of relapse after transplantation. However, there was consensus to strongly recommend smoking cessation in kidney transplant candidates (7) .
MATERIAL AND METHODS
In the group of 252 patients (of Central European origin) after primary kidney transplantation from post mortem donor (in the years 2003 -2014) in the Transplan Center Martin, we identified smokers and current non-smokers (the patient who has not been smoking or who is exsmoker for the period of minimum 24 months). In the group of smokers, we recorded the number of smoked cigarettes/day. The information about smoking was included in the history and obtained from the patient and from the family relatives -the information were obtained with the help of medical nurses in the department and in the intensive care unit during hospitalization after kidney transplantation. In the monitored period of 12 months after transplantation, we detected presence of NODAT in both groups, that was diagnosed according to the ADA (American Diabetes Association's) criteria and oGTT was realized within the 10 th -12 th week after transplantation and in the 12 th month after transplantation. In addition to NODAT, in both monitored groups we recorded the age at the time of transplantation, the body mass index (BMI), the weight gain after kidney transplantation, the waist circumference 12 months after transplantation and glycated hemoglobin. We also discovered positive family history for NODAT (parents, brothers/sisters, and grandparents), as well as the cause of failure of native kidneys, and the immunosuppressive therapy, if any, which could affect the development of NODAT (in the period of 12 months befor transplantation). In the monitored group, we further recorded the percentage share of the patients which took both pre-transplantation and posttransplantation hypolipidemic therapy (statin). The group was composed only of those patients who had no diabetes mellitus (type 1 and 2) at the time of kidney transplantation. The patients who had diagnosed, impaired glucose tolerance or impaired fasting glucose according to the oral glucose test as the screening before transplantation were also excluded from the research.
Monitoring was applied only in those patients who had tacrolimus in the immunosuppressive regime -i.e. the group was homogenous from the aspect of the administered immunosuppression. In the statistic evaluation, we applied the certified statistic program MedCalc version 13. 1. 2. and the following statistical analyses: Students t-test, chi-quadrate test, correlation coefficient. We find the value of P < 0.05 to be statistically significant.
RESULTS
The group composed of 252 patients after primary kidney transplantation who had no diabetes mellitus of type 1 or 2 or prediabetes at the time of transplantation. The average age in the whole group was 48.4 years ± 12.6. The group was homogenous from the aspect of the administered immunosuppression, and the results were not distorted by the immunosuppression (Tab. 1). Composition of the group according to the basic diagnose of kidney failure is shown in Fig. 1 .
The group of smokers was composed of 88 patients (34.9 %) and current non-smokers of 164 patients (65.1 %). The average age of the current smokers was 52 years ± 12.4 and the current non-smokers 44.8 years ± 12.8 (P < 0.0001). The smokers had statistically significantly lower BMI at the time of kidney transplantation as well as 12 months after transplantation. The smokers had statistically significantly lower weight gain 12 months after transplantation versus the current non-smokers. The waist circumference 12 months after transplantation was significantly lower in the smokers. Development of NODAT in the monitored period in both groups was without any statistically significant difference. The value of glycated hemoglobin (HbA1c) was determined 6 and 12 months after kidney transplantation according to the recommendations of the American Diabetes Association, and no significant difference was found between the current non-smokers and smokers (Tab. 2). The oGTT realised in the 10 th to 12 th week after transplantation diagnosed was NODAT at 33.6 % of patients, and the oGTT in the 12 th month revealed 17.6 % patients. In the other patients, NODAT was diagnosed from normal collection of blood in fasting state after 8-hour fasting, and the diagnose was determined before realizing the oGTT. Imaired glucose tolerance or impaired fasting glycaemia was detected in immediate post-transplantation period (within 21 days following transplantation) in almost 90 % patients who then developed NODAT in the monitored period. We did not confirm statistically significant difference in NODAT incidence between both groups in observation period.
The group of smokers was composed of 47 patients who smoked less than 10 cigarettes/day and 41 patients who smoked on average more than 10 cigarettes/day. We detected no significant difference in the monitored parameters between the above subgroups (Tab. 3).
By applying the correlation coefficient we found out that the number of smoked cigarettes/day is irrelevant for the BMI value and the weight gain 12 months after kidney transplantation and development of NODAT (Tab. 4). 
DISCUSSION
In our group, smoking was not found to be the risk factor for development of NODAT. However, the current non-smokers had at the time of transplantation and 12 months after transplantation higher value of BMI and weight gain, and the waist circumference 12 months after kidney transplantation was statistically significantly higher. The literature provides for no available analyses of smoking as a risk factor for NODAT in patients after kidney transplantation, however, many analyses are available regarding the non-transplanted population.
The IDEA study (of Slovak patients) confirms our results, when the evaluated population of smokers had lower waist circumference and lower prevalence of obesity than the group of nonsmokers (8) . Similar conclusions may be found also in the NEMESYS project where it was proved that smoking has ambiguous relation to obesity -maybe due to suppressed appetite and the tendency to reduce weight. (9, 10, 11) . The NEMESYS project clearly states that the highest prevalence of abdominal obesity was found in ex-smokers, which is related to increased energetic intake, lower expenditure of energy in peace, and increased activity of lipoproteine lipase after smoking cessation (12) . In the literature, we can often find the information that smokers, when compared with non-smokers, have higher weight and BMI values, however, the IDEA and NEMESYS projects confirmed that in the population of smokers, the prevalence of abdominal obesity is lower, which was proved also in our group. On contrary, the study carried out in China on randomly selected 13,463 males at the age of 35 and more years, did not confirm such data. The overall prevalence of centralobesity was 35.9 %. When compared with non-
smokers, only the ex-smokers had statistically significantly higher prevalence of abdominal obesity (13) . Similarly as in our group, no correlation to the number of smoked cigarettes and the waist circumference was proved. The American study of 27,000 males and almost 30,000 females evaluated the relationship between BMI and the waist circumference. Very strong relationship was found between the waist circumference and mortality due to CV diseases in patients with the same BMI values. It means that in the patients with the same BMI value, mortality due to CV diseases increases with the increasing waist measure. On contrary, in the patients with the same waist measure, mortality due to CV diseases was increased with higher BMI it was rather vice versa when in that group the mortality due to CV diseases was increased at lower BMI values. That data are proved by the authors to be connected with smoking, when smokers have lower BMI values, but at the same time the group of smokers shows higher mortality due to CV diseases (14) .
However, the relationship between smoking and developmentof NODAT is not clearly confirmed. In spite of that, smoking of the patient after kidney transplantation is undesirable due to the high cardiovascular risk in such patients. A retrospective cohort study of 41,705 renal transplant recipients showed that smokers had increased risk of allograft loss (adjusted HR 1.46) and death (adjusted HR) smoking cessation could improve renal survival (15, 16, 17) . We believe that the basic reason that the incidence of NODAT in both monitored groups was comparable is the fact that the group of patients was homogenous from the aspect of immunosuppression. It is the immunosuppression therapy which affects the incidence of NODAT in the first year after transplantation. In the next following post-transplantation period, the incidence of NODAT is affected mainly by the life style and obesity. From the aspect of the weight gain, the most risky period is considered the period of the first 6 months after smoking cessation, and the increased risk may exist as long as 2 years from smoking cessation.
Smoking impairs also the course of complications of NODAT. Smoking causes oxidation stress and transformation of the growth factor -ß, which leads to changes in the basal membrane of glomerulus. In the population of American diabetics, the occurrence of microalbuminuria and macroalbuminuria was significantly higher in the smokers (53 %) than in the nonsmokers (20 %). By affecting the life style of diabetics/smokers, we may avoid the terminal stage of chronical renal disease or at least postpone the necessary elimination therapy (18) . Several analyses confirmed that smoking has significant effect on the HbA1C level (19) . The substances which cause increased HbA1C levels in the smokers/diabetics are not precisely identified until today. Currently, discussion has started that the higher HbA1C levels may be caused by the nicotine itself because nicotine may increase the HbA1C level almost by 34 %. Obviously, the higher number of the smoked cigarettes, the higher the HbA1C value. However, the use of nicotine plasters, nicotine chewing gums, and other aids in dishabituation therapy still remains a question. However, the benefits of non-smoking may prevail the risks of using such products, mainly due to short-term use thereof (20) . Smoking is a strong risk factor for premature atherosclerosis, atherothrombotic events and cardio-vascular death. Curiously, smokers with acute myocardial infarction have lower short-term mortality rates than nonsmokers. The "smoker's paradox" can be explained by differences in baseline risk factors, and not smoking status per se, mainly because smokers suffer their myocardial infarctions on average a decade earlier than nonsmokers (21) .
CONCLUSION
In our group, smoking had no effect on development of NODAT, the smokers had lower values of BMI and waist circumference, however, the guideline development group feels that, as for the general population, success of smoking cessation can be enhanced by offering structured smoking cessation programs (7) .
In the most risky period for weight gain (the first 6 months after smoking cessation) it is important to educate the patient about the change of life style, diet, and particularly about the necessity of physical activity for minimum 20 minutes daily. It is a positive fact that exsmokers have similar behaviour models (life style -diet, physical activity, etc.) as non-smokers (22) . It suggests that dishabituation from smokingis connected with positive change in the behaviour and care of the patient´s health (19) . Screening of risk factors for diabetes mellitus should be done even before placing the patient on the waiting list and it is advisable to carry out the oral glucose tolerance test (oGTT) also in patients with physiological levels of fasting glycemia (23, 24) -the key role in education is played by nephrologists in dialyzing centers, in cooperation with diabetologists.
